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ABSTRACT 
Anitrousoxide (N2O)emissiondatabasewascompiled forarable land (284measurementsfrom62studies)toestablish
predictivemodelsforbuildingagreenhousegasemissioninventoryinChina.Arablelandsweregroupedintodrylandand
ricepaddybasedontheIPCC2006guidelines.TheresultsofthemetaanalysisshowthattheannualmeanN2Ofluxesfrom
dry landand ricepaddywere4.69±4.62 (SD)and5.89±3.23kgN2O–Nha–1yr–1. Fertilizer–inducedN2Oemission factors
were0.68±0.41% fordry land,and0.49±0.43% forricepaddy.TherelationshipbetweenN2O flux fromarable landsand
variousenvironmentalvariableswereanalyzed,andthemagnitudeofN2OemissionsfromzeromineralNadditioncontrol
plots (background emission)was determined based on precipitation. Based on the above background emissions and
correlation coefficients, two new predictivemodelswere established to estimateN2O emissions from arable lands in
China. Comparison showed that the precipitation–rectified background emissions could largely improve the model
predictions, and the two newmodels had better performance than the 1996 IPCC guidelinemethod. Therefore, it is
stronglyrecommended thatthe important localenvironmentalvariablesbe included intheestimateswhencompilinga
nationalN2Oemissioninventory.
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1.Introduction

Followingcarbondioxideandmethane,nitrousoxide(N2O) is
thethirdmosteffectivegreenhousegas. It isa long–lastinggas in
the atmosphere andhas relativelyhigh globalwarmingpotential
due to its strong capacity for absorbing infrared radiation.
Generally,N2O isproducedinbothterrestrialandaquaticsystems
throughtwomicrobialprocesses,nitrificationunderaerobiccondiͲ
tionsanddenitrificationunderanaerobic conditions (Davidsonet
al.,1991).Agriculturalactivitiesaffecttheglobalnitrogen(N)cycle
andproduce a great amountofN2O. SyntheticN fertilizer appliͲ
cationandorganicN fromcrop residuesandmanure (Caoetal.,
2003;Caoetal.,2006)havecontributedapproximately80%ofthe
N2O emissions induced by human activity since the industrial
revolution(IPCC,2006a)andabout50%ofthetotalN2Oemissions
(Xuetal.,2008).

Manyagriculturalpracticesandenvironmentalvariables,such
as soiland fertilizer typesused, togetherwith climateandwater
regimes can significantly impactN2O emissions from agricultural
soils (Zhengetal.,1997a).Consequently,researchtoquantifythe
N2O fluxes (the positive values indicating emissions) from
croplandshas attracted great attentionbut still remains amajor
challenge.

Therevised1996IPCCGuidelinesforNationalGreenhouseGas
Inventories and Good Practice Guidance (IPCC, 1996), and
UncertaintyManagement inNationalGreenhouseGas Inventories
(Penman, 2000) did not take volatilized and leached N into
consideration separately. Instead, 1.25% for N fertilizer induced
emission factor (EF) and a background emission (emissions from
zeromineralNadditioncontrolplots)rateof1kgNha–1yr–1were
adopted to predict direct emissions from arable lands in these
guidelines.ThefollowingformulaisusedbytheIntergovernmental
Panel on Climate Change (IPCC, 2006b) to calculate direct N2O
emissioninducedbysyntheticNfertilizer:

ଶ ൌ ሺ	 ൅ 	 ൅ 	ሻ ൈ 	ଵ ൅ ሺ	 ൅ 	 ൅ 	ሻ ൈ 	ଵ୊ୖ (1)

where, N2O is N2O emissions (kg N2O–Nha–1yr–1); FSN denotes
addedsyntheticfertilizerN(kgNha–1yr–1);FONdenotesorganicN
input (kgNha–1yr–1); FCR denotes organic soilN (kgNha–1yr–1);
EF1denotestheNfertilizerinducedN2Oemissionfactorandequals
the ratio of fertilizer induced emission (FIE) of N2O to added
fertilizerN(definedbyIPCC)fromdrylands;andEF1FRdenotesthe
emissionfactorforfloodedrice.ThedefaultEFvaluesare0.3%for
ricepaddyand1%fordryland(IPCC,2006b).

Including the IPCC guideline method, four methods are
currentlyrecommendedtopredictN2Oemissionsfromagricultural
lands. The other three methods are extrapolation, empirical
equations, and physical models. The IPCC method focuses on
anthropogenicN–fertilizeruseandN–FIEsofN2O.The2006 IPCC
Guidelines recommend that local governments use the method
andtheEFvaluesfromthestudyofAkiyamaetal.(2005),inwhich
EFs of 0.22% for continuously flooded paddy and 0.37% for
midseasondrainedpaddyareproposed.

The extrapolation method combines field measured N2O
emissionswith local specifiedenvironmental conditionsand crop
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managementtoextrapolateN2Oemissionsfromsimilarcroplands
(Eichner, 1990; Mosier et al., 1991; Xing, 1998).The empirical
method (Bouwmanetal.,1993;Sozanskaetal.,2002;Freibauer,
2003) calculates N2O emissions through a linear regression
betweenN2O emissions and the related environmental variables
(those assumed to influence the N2O flux). The accuracy of the
regression depends on the availability of sufficient and credible
fieldmeasurements.Physicalmodels(Brownetal.,2002)calculate
N2OemissionsbasedonsimulationsofnitrificationanddenitrificaͲ
tionprocesses.Manyphysical parameters, including soil, climate
and crop, together with water management are needed to
formulatehighaccuracyphysicalmodels (Lietal.,2001;Lietal.,
2004;Lietal.,2005;Zouetal.,2007).

Despite the efforts to define N2O production from various
anthropogenicandnativeecosystems in recentyearsby the IPCC
andotherresearchers (Luetal.,2006;Gaoetal.,2011),relationͲ
ships between N–fertilization and N2O emissions on regional or
national scales continuously are needed to be further explored
owingtotheunbalancedbudgetoftheNsourcesandthesinksfor
arablelands(Lietal.,2001).Furthermore,fewsystematicanalyses
havebeenconductedinseparatingbackgroundN2Oemissionsand
N–FIEs from both rice paddies (rice–dominated ecosystems) and
drylands(arablelandsexcludingricepaddies).

The objectives of this study were (i) to summarize the
availablepublisheddataofN2O emissions from ricepaddies and
dry lands inChina; (ii) to estimate themagnitudeofbackground
N2OemissionsandEFs;andfinally(iii)toexaminetherelationships
betweenN2O fluxandvariousenvironmentalvariables forarable
lands.

2.MaterialsandMethods

2.1.Datasources

All N2O emissions and corresponding environmental and
management information at the sampling sites were collected
frompublicationsbetween1982 and2012 inChina (Figure1). In
total,284 records for fieldmeasurementwereextracted from62
studies (57geographical sites)andbuilt intoadatabase (Table1,
alsoseetheSupportingMaterial,SM,TableS1).The landusesfor
these fieldmeasurementswere grouped into ricepaddyanddry
landasdefinedbythe2006IPCCguidelines(IPCC,2006b).

The initial database comprised 106 field N2O emission
measurementsforricepaddy(croppingorfallowseasons)from33
geographical sites, and 178 records for 44 dry land sites. Three
records were excluded from further analysis owing to their
significant divergence (triple standard deviation) from themean.
Rice–basedrotationswerefurtherdividedbygrowingseasons,so
thatthedifferenceofN2Oemissionratesbetweengrowingseason
andnon–growingseasoncouldbefurtherexplored.Environmental
information together with experimental methods at these geoͲ
graphical sites was also compiled into the database for the
analyses.

Thedry land cropswere furthergrouped intomaize,wheat,
rape, soybean, cottonand vegetable. Toanalyze thebackground
emissionsfordryland,178fieldmeasurementsfromdrylandwere
divided into with–fertilizer and without–fertilizer subgroups.
Twenty–seven records for N2O emissions fromwithout–fertilizer
land together with other influencing factors were selected to
analyze the background emissions and the relationship between
background emissions and influencing factors. Agricultural
managementcomprisesnetN input(Ninput),fertilizertypes,crops,
water regimes, andothermanagement. Soilproperties comprise
soil types, water–filled pore space, soil pH, soil organic carbon
(SOC), soil totalN (STN)content,andC/N (SOC/STN)molar ratio.
The mean temperature and annual precipitation were also
includedinthedatabases.

The N2O flux for the crop growing season (seasonal flux,
μgN2O–Nm–2h–1), annual total N2O emission rate (annual flux,
μgN2O–Nm–2h–1), seasonal cumulative emissions for the crop
growing season (seasonal cumulative emissions, kgN2O–Nha–1
per season),annualcumulativeemissions (ACEs)ofN2O (kgN2O–
Nha–1yr–1), annual FIE ofN2O (equal to the annual total cumuͲ
lativeemissionminustheannualcumulativebackgroundemission,
kgN2O–Nha–1yr–1), and the totalemission factor (TEFs,equal to
the ACEs N2O–N/annual added N) and the fertilizer induced
emissionfactor(EF)werecalculatedtorevealthecharacteristicsof
N2Oemissions.



Figure1.DatacollectionpointsinChina.

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Table1.Cropspeciesandenvironmentalvariables
CropSpecies
Variables Maize Wheat Soybean Rape Cotton Vegetable Rice
No.ofsites 8 23 4 6 5 5 33
Pre(mm) 0–500 500–700 700–900 900–1100 1100–1300 1300–2000
Number 5 12 11 13 23 10
Temp(qC) 0–5 6–10 11–15 16–20 21–25 25–30
Number 3 21 13 19 9 6
pH 5.0–6.0 6.0–7.0 7.0–8.0 8.0–9.0
Number 3 13 36 4
STN(gNkg–1) 0.00–0.50 0.50–1.00 1.00–1.50 1.50–2.00
Number 11 18 23 15
SOC(gCkg–1) 0–10 10–20 20–30 30–40
Number 5 22 25 16
Ninput(kgNha–1yr–1) 0–100 100–200 200–300 300–400 400–500
Number 12 25 18 14 7
Note:Tempisannualtemperature;Preisannualprecipitation;SOCissoilorganiccarbon;STNissoiltotalNcontent;N–inputisNaddedasfertilizer

Astaticchamber–gaschromatographicmethodwithamanual
samplingsystem(Huangetal.,1998;Huangetal.,2008;Qiuetal.,
2011; Fu et al., 2012) is commonly employed as the major
experimental method for quantifying N2O fluxes. In addition,
continuous measurement using an automatic N2O monitoring
system isthemosteffectivemethod inseasonaland inter–annual
measurements(Zhengetal.,2000;Liuetal.,2010).

Toensurethereliabilityofthedata,fieldmeasurementswith
crops grown for a shorter time than a full growing seasonwere
excluded from further analysis. Owing to the limitations of the
availabledataandtheinconsistencyofsomereports(XuandYang,
1999), crop residues, fertilizer use, and tillage types were not
consideredinthisstudy.FieldmeasurementsfromN–fixinglegume
lands were includedmeanwhile, because of the lack of zero–N
controldataofannualN2Oemissionsfromricepaddies(Huaetal.,
1997;Zhengetal.,1997b;Liangetal.,2007),therecordsfromrice
paddies were used only to test predicting performance with
revisedEFsandbackgroundemissionvalues inthisstudy (Xuand
Yang,1999;Zouetal.,2005).

2.2.Statisticalanalyses

All N2O emission parameters and relevant environmental
variableswerecompiled foranalysis.When thedatadidnot fita
normal distribution but fitted a lognormal distribution, the data
werethen log–transformedbeforethestatisticaltest (Akiyamaet
al., 2006). In the present study, the EFwas quantified following
two steps: first, the difference between ACEs and background
emission(BE,equaltotheACEsofN2Ofromazero–Ncontrolplot,
kgN2O–Nha–1yr–1) was calculated under similar environmental
andmanagementconditions;and,secondly, theabovedifference
wasdividedby the amountof added fertilizer–N (Ninput, kgN2O–
Nha–1yr–1)(Eichner,1990;Bouwman,1996)asinEquation(2):

	 ൌ ሺ െ ሻȀ୧୬୮୳୲ (2)

Then,theTEFwasdefinedasthequotientbetweenACEsand
Ninput [Equation (3)] inordertoanalyzetherelationshipsbetween
totalN2Oemissions,FIEsandbackgroundemissions.

	 ൌ Ȁ୧୬୮୳୲ (3)

A linear regression equation [Equation (4)] was used to
quantitatively simulate N2O emissions based on the IPCC (2006)
andtheAkiyamaetal.,(2005)methods.Plainordinaryleastsquare
isusedtodefinetherelationshipbetweentheN2Ofluxandthekey
influencingfactors(Sozanskaetal.,2002):
ଶ ൌ 	 ൈ ୧୬୮୳୲ ൅  ൅ ɸ (4)

where,EFdenotesthefittingparameter;BEdenotesannualbackͲ
groundemission;andɸdenotesanerrorterm.

Student's t–testwas used tomeasure the statistical signifiͲ
canceofthefittingparameter,andanF–testwasalsoemployedto
quantify thevariationof theN–FIEsofN2Oasapartof the total
variation.

3.ResultsandDiscussion

3.1.TheN2Ofluxesfromarableland

The N2O fluxes presented significant divergence among the
seventypesofcropland(Figure2),indicatingatremendousimpact
ofvariouscropsandenvironmentalconditionsonN2Oemissions.
TheN2O flux rates fromvegetablewere the largest (155.1±97.19
μgNm–2h–1), followed by rape (124.29±80.1μgN2O–Nm–2h–1);
whilewheathad the lowest flux (26.57±23.19μgN2O–Nm–2h–1).
SoybeanhadthelargestTEFvalues(1.96±0.49%),whilewheathad
the lowest (0.84±0.66%).TheN fixation functionof legumesmay
havebeenthereasonforthishighTEFvalueofsoybean.

Figure2.N2Oemissionfluxesfromthemaincroplands.Boxplotsdisplay
10th,50th,75thand90thpercentiles,andindividualdataoutsidethe
10th and90thpercentiles.


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The largedivergencesbetweentheN2O fluxesandTEFsfrom
different types of arable land suggested the necessity to further
refine the cropland classifications when conducting a national
greenhousegasinventory.TheGreenhouseGasInventoryOfficein
Japan compiled a nationalN2O emission inventory using specific
EFs for eachof thirteen crop types (e.g. vegetables 0.77%; fruits
0.69%;tea4.74%;andpotato2.01%)in2005,basedonastudyby
Tsuruta(2001).However,thiscalculationdidnottakeintoaccount
the differences of background emissions from cropland.MeanͲ
while,theIPCCGuidelinesencouragelocalgovernmentstocompile
local inventoriesusingspecificEFswhere fieldmeasurementsare
sufficient. Xing (1998) estimatedN2O emissions from agricultural
lands in China using the IPCC default EF. A local estimate of
agriculturalN2Oemissionwasalsoconductedbasedonthemeans
of different local EFs (Zheng et al., 2004). These local EFs for
different crops should provide help in building a national N2O
emissioninventory.

The ACEs from dry land varied significantly from 0.14 to
19.16kgN2O–Nha–1yr–1, with a mean of 4.69±4.62kgN2O–N
ha–1yr–1(Table2),andthismeanvaluecorrespondedtothemean
annual fluxof 39.25±37.24μgN2O–Nm–2h–1. For ricepaddy, the
meanACEandseasonalcumulativeN2Oemissionwere5.89±3.23
and 1.46±0.67kgN2O–Nha–1 per season. Similar to the large
temporalandspatialvariationsofN2Oemissionsreportedbymany
researchers (Kusa et al., 2002), theACEs from dry land and rice
paddyvariedgreatly inthepresentstudy(Table2).Consequently,
itwill be a great challenge to accurately predict N2O emissions
nationally, and this study set out to explore more accurate
predictivemodelstoestimateN2Oemissionsinacountrywithsuch
vastterritory.

The TEFs for dry land varied from 0.10 to 5.50%, with an
arithmeticmeanof1.42%,andthiswasfargreaterthanthemean
EF of 0.68%±0.51% (0.10–1.58%), suggesting that background
emissions from dry landmade a large contribution to totalN2O
emissions.Forricepaddy,thearithmeticmeanofTEFswas0.58%
(rangingfrom0.03to1.96),andthiswasslightlylargerthantheEF
valueof0.49%±0.27%(0.01–1.78%),indicatingthatN2Oemissions
fromricepaddywereinducedmainlybyanthropogenicNfertilizer
applications possibly owing to the relatively small background
emissions from rice paddy. The EFs in this study were slightly
smaller than the simulated N2O emissions from terrestrial
ecosystems inChinabyChenetal.(1997):theirestimationsshow
thattheannualEFsfromrice,maize,soybean,andwheatsoilsare
1.08–2.99,0.47–4.51,1.98,and1.02–2.93%.

A comparison of the EF values between this study and the
2006IPCCGuidelinesindicatedthatthemeasuredaverageEFvalue
fromdrylandissmallerthanthatsuggested(1%)bytheIPCC2006
guideline;however,themeasuredaverageEFfromricepaddywas
largerthantheIPCCdefaultvalue(0.3%).Largestandarddeviations
indicated the largeuncertaintyofEFs in thisstudy.TheEFvalues
fromthisstudyapproximatedtothearea–weightedmeanEFsfrom
Japaneseuplands(0.62%)andtheglobalEF(0.8%)estimatesofthe
FAO/IFA (2001). In addition, some studies adopt relatively high
country–specific EFs, forexample, from1 to 1.5% for ricepaddy
(SwedishEPA,2006;Pereiraetal.,2013);andtheEFsemployedin
theNetherlandsare1%forareaswithchemicalNfertilizer,and2%
fororganicmanure(NEAA,2006).

3.2.CorrelationsbetweenNinputandtheN2Oflux

ThePearsoncorrelationcoefficientbetweenseasonalcumulaͲ
tive emissions and Ninput had its highest values (R2=0.23 for dry
land, p<0.05, R2=0.13 for rice paddy, p<0.05) in the correlation
between seasonal cumulative emissions and other relevant
environmental variables, e.g.,pH, air temperature, SOC. The low
correlationcoefficientsbetweenNinputand theEFvalues forboth
rice paddy and dry land suggested that the EF values were
relativelysteadywithrespecttoNadditions.Therefore,intermsof
the management of fertilizer use, the EF values could be a
reasonable and stableparameter to characterize andpredict the
N2O emissions from various arable lands. The relatively high
correlationcoefficientbetweenNinputandseasonalcumulativeN2O
emissionswasconsistentwithotherstudies(Bouwman,1996),and
the relationships between Ninput and N2O emission, and the EF
factors have been extensively used to establish national N2O
emissioninventories(IPCC,1996).

3.3.Backgroundemissionsfromarableland

Seventeen records ofN2O emissionmeasurements together
with the corresponding environmental andmanagement paramͲ
etersfromnon–fertilizedsoilsfordrylandwereretrievedtoforma
background emissiondatabase (see the SM). Themean seasonal
flux, seasonal cumulative emissions, annual flux, and ACEswere
19.83ʅgN2O–Nm–2h–1, 0.97kgN2O–Nha–1, 26.89ʅgN2O–Nm–2
h–1,and1.43kgN2O–Nha–1, respectively.Theannualbackground
emission (1.43kgN2O–Nha–1)wasremarkablyhigherthanthat in
the1996IPCCGuidelines(1kgN2O–Nha–1).Thiswaslikelytohave
beenduetotheseparationofdrylandfromricepaddy.However,
theN fromcrop residualsand fixationby legumeswasnot taken
intoaccount,andtheconsequentN2Oemissionswerepotentially
includedinthebackgroundemissions.

Thecorrelationcoefficientssuggestedthatprecipitationmight
bethe factorhavingthemostsignificant impacts (r=0.73,p<0.05)
on thebackgroundemissionsamong theenvironmentalvariables
tested (Table3),and53.29%of the variance couldbeaccounted
forbya linearmodelbetweenthebackgroundemissionsandthe
annual local precipitation. This linearmodel could therefore be
usedtopredictthelocalbackgroundemissions.Themodelfitsonly
drylandwithatraditionalagriculturalmanagementmode.

Table2.Summaryofnitrousoxide(N2O)emissionfluxesfromdrylandandricepaddyinChina

DryLand RicePaddy
Mean±SD Ranges n Mean±SD Ranges n
Seasonalflux
(μgN2O–Nm–2h–1) 61.97±54.36 1.2–300 68 53.5±44.28 1.04–304.92 105
Seasonalcumulative
emissions
(kgN2O–Nha–1)
1.67±1.57 0.10–6.25 36 1.46±0.67 0.03–3.27 107
Annualflux
(μgN2O–Nm–2h–1) 39.25±37.24 1.61–274 49 39.03±22.76 18.87–57.41 6
Annualcumulative
emissions
(kgN2O–Nha–1yr–1)
4.69±4.62 0.14–19.16 46 5.89±3.23 1.63–12.20 17
EF(%) 0.68±0.51 0.10–1.58 30 0.49±0.27 0.01–1.78 79
TEF(%) 1.42±1.37 0.10–5.50 51 0.58±0.35 0.03–1.96 41
Note:SDisstandarddeviation;nisnumberofmeasurements;EFisfertilizerinducedemissionfactor.TEFistotalemissionfactor
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Table3.CorrelationsbetweenN2Obackgroundemissionsandenvironmentalvariables
 PH(H2O) Pre(mm) Temp(qC) SOC(gCkg–1)
STN
(gNkg–1) C/N
Correlationcoefficient 0.021 0.73a –0.15 –0.039 0.079 –0.3
Samplenumber 21 11 10 22 22 20
aExtremelysignificant(P<0.01);Preisprecipitation;Tempistemperature;SOCissoilorganiccarbon;STNissoiltotalNcontent;
C/NismolarratioofSOC/STN

3.4.Fertilizer–inducedN2Oemissionsandenvironmentalvariables

Twenty–sevenmeasurementsofN2Oemissionsfromdrylands
withmineralNadditionwereselectedtoexaminetherelationship
betweenN2O fluxesand fertilizer levels.From thedataavailable,
theannualN2OfluxandFIEwerechosentoconductacorrelation
analysis with N–input, as well as other environmental variables
(Table4).The results showed strong correlation between FIE and
Ninput(r=0.64,p<0.05),andbetweenannualfluxandNinput(r=0.63,
p<0.05). The correlation coefficients between annual fluxes and
theother environmental variables studied (latitude,precipitation
andtemperature)wererelativelyhigherwhencomparedwiththe
FIEandtheabovevariables.TheresultsindicatedthatN–inputwas
thekeyvariablecontrollingN2OemissionfluxandFIEand,hence,
theN–inputwasreasonabletopredictN2OemissionsusingEFs.

4.Modeling

4.1.Establishingpredictivemodels

Twenty–sevenfieldmeasurementswithbothFIEsofN2Oand
background emissions were selected to build two predictive
models, and the remaining 36 records without background
emissionswerethenusedtotestthereliabilityofthetwomodels.
Sincethe IPCCmethodsdividedthearable land intodry landand
ricepaddy,andthebackgroundemissiondataforricepaddyinthis
studywerenotsufficienttoestablishapredictivemodel,onlyfield
measurementsfromdrylandwereselectedtobuildthepredictive
models. Multiple linear regression and single linear regression
wereemployedtoestablishtheModel1andModel2.Themodel
inthe1996IPCCmethodwasalsoadoptedtoenableacomparison
of themodelperformancewithorwithout improvedbackground
emissions.

Empiricalmodel.Thepredictivemodel[Equation(5)],improvedby
precipitation,wasbuiltbasedonthe leastsquaremethodusinga
multiplelinearregressionfunction.

Model1:

ଶ ൌ ͲǤͲͳʹ ൈ୧୬୮୳୲ ൅ ͲǤͲͲͷͻ ൈ  െ ͵Ǥͺ͸ (5)

where, N2O denotes ACEs (kgN2O–Nha–1yr–1); Ninput denotes
annual amount of added N–fertilizer (kgNha–1yr–1); and Pre is
annualaverageprecipitation(mm).

Revised IPCCmodel. To use the original IPCCmodel, the backͲ
ground emission was determined using a linear fitting model
togetherwith local precipitation, and so themodelwas revised
usingtheprecipitationfactor.

ଶ୆ ൌ ͲǤͲͲ͸Ͷ ൈ  െ ʹǤͷʹ (6)

where,N2OB denotes annual cumulative background emission of
N2O(kgN2O–Nha–1yr–1);andPreisprecipitation(mm).

Similartothe IPCCmethods,theFIEofN2O (N2OFIE)couldbe
quantitatively described using a linear regression model
[Equation(7)]basedontheNinput.
ଶ୊୍୉ ൌ ͲǤͲͲͻͶ ൈ ୧୬୮୳୲ െ ͲǤ͸ͳ (7)

where, N2OFIE denotes annual fertilizer induced cumulative
emission of N2O (kgN2O–Nha–1yr–1); and Ninput denotes the
amountofaddedN–fertilizer(kgNha–1yr–1).

Then,Equations (6)and (7) canbe combined to formanew
predictivemodel[Equation(8)]forN2Oemissionestimatesforland
withN–fertilizeraddition.

Model2:

ଶ ൌ ͲǤͲͲͻͶ ൈ ୧୬୮୳୲ ൅ ͲǤͲͲ͸Ͷ ൈ  െ ͵Ǥͳ͵ (8)

IPCCguidelinemethod.Totesttheperformanceoftheabovetwo
newly established models (Equations 5 and 8), the 1996 IPCC
guidelinemethod[Equation(9)]wasusedtomakecomparisons.

ଶ ൌ ͲǤͲͳʹͷ ൈ ୧୬୮୳୲ ൅ ͳ (9)

where,N2O–NdenotesACEs(kgN2O–Nha–1yr–1).

4.2.Modelperformance

A t–test (Table5)wasconducted to test theperformanceof
Models1and2.AllcoefficientsexcepttheconstantofEquation(7)
(p>0.05)werestatisticallysignificant(p<0.05).Therefore,thethree
equations for the twomodelswere reasonable. Equation confiͲ
dence intervalanalysis revealed that the95%confidence interval
of the coefficient of precipitation in Equation (6) was 0.0064±
0.0028,whileforNinputinEquation(7)theconfidenceintervalwas
0.0094±0.0065. These values indicated thatbackground emission
playedanimportantroleinN2Oemissionsespeciallyinthecaseof
dryland.TheIPCC(2006b)suggestanEFvalueof1%fordrylandis
in the rangeof the95% confidence intervals (0.29–1.59%)of the
coefficientofN–input.

The 36 measurements with the local precipitation and N–
fertilizerusewereemployed tocalculate theN2Oemissions from
drylandsusingtheabovemodelsandtheIPCCguideline(Figure3).
R2isthecoefficientofdeterminationwhichwasusedtorepresent
themodelperformance.

The two newly establishedmodels generally showed better
performance in predicting theN2O emissions. TheR2ofModel1
(R2=0.60,p<0.01)andModel2(R2=0.64,p<0.01)were largerthan
the IPCCmodel (R2=0.39p<0.01)), indicating that thebackground
emission calculations using local precipitation could improve the
performance.Althoughtheprecipitation–rectifiedempiricalmodel
(Model1)hadasomewhatpoorerR2thantherevisedIPCCmethod
(Model2),itperformedbetterthanthe1996IPCCmethodbecause
it took the local precipitation into account. Over 60% of the
variance could be accounted for by the two newly established
models. The large deviations from the regression line (the black
crossesinthecircleinFigure3)alsoindicatedthepoorpredictions
by the 1996 IPCC guideline at the geographical sites with low
fertilizer use levels as reported by some researchers (Su et al.,
1992;Huangetal.,1995;Zhangetal.,2012).



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Table4CorrelationanalysesbetweenN2Oemissionfluxesandrelatedenvironmentalvariables
 Latitude(Degree) pH
SOC
(g Ckg–1)
STN
(gNkg–1) C/N
Pre
(mm)
Temp.
(qC)
N–input
(kgN ha–1 yr–1)
Annualflux
CorrelationCoefficients –0.57a –0.53 0.32 0.088 0.36 0.54a 0.50a 0.63a
N2OFIE
CorrelationCoefficients 0.077 0.11 –0.18 –0.016 –0.21 –0.21 0.32 0.64a
aSignificant(P<0.05);N2OFIEisannualcumulativefertilizer–inducedemissionofN2O

Table5.t–testforparameterestimatesofprecipitationandN–inputfortheequationsinModels1and2
 Equations Term. Coefficient Std.Error t–Ratio P
Equation5 N2O=–3.860.012×Ninput+0.0059×Pre. Constant –3.868 1.127 –3.431 0.002
Ninput 0.012 0.0271 4.423 <0.001
Pre 0.0059 0.0013 4.477 <0.001
Equation6 BE=–2.52+0.0064×Pre. Constant –2.521 0.885 –1.020 0.036
Pre 0.0064 0.0011 5.939 0.0019
Equation7 N2OFIE=–0.61+0.0094×Ninput Constant –0.607 0.934 –0.65 0.543
Ninput 0.0094 0.0026 3.685 0.014
Note:N2OdenotesannualtotalN2Oemissions;N2OFIEisannualNͲfertilizerinducedemissionsofN2O;BEisbackgroundemission

The results demonstrated that the models could greatly
improve the local predictions ofN2O emissions from agricultural
land if taking local precipitation into account. Therefore, it is
strongly recommended that local environmental variables be
included when compiling a national N2O emission inventory.
However,uncertaintystillremainsduetothelimitedavailabledata
formodeling, especially for the background emissions from rice
paddy.

Figure3.ThepredictedandmeasuredN2Oemissionfluxes.Crosseswithin
thecircledisplaythosepointswhichshowlargerdeviationsfromthe
regressionlineoftheIPCCmethod.

5.Conclusions

ThisstudyestablishedacomprehensivedatabasefortheN2O
fluxandotherrelatedinfluencingfactorsforvariousdrylandsand
ricepaddiesacross21provincesinChina.Resultsshowedthatthe
ACE fromdry landwas4.69±4.62kgN2O–Nha–1yr–1,andtheACE
fromricepaddywas5.89±3.23kgN2O–Nha–1yr–1.TheN2O fluxes
fromvegetableand rape landswere relativelyhigh,whereas low
emissions were found from wheat land and rice paddy. The
difference of the N2O flux for different cropland suggested the
necessityofspecialEFsfordifferentcropland.Furthermore,itwas
found thatbackgroundN2Oemissionplayedan important role in
N2Oemissionespeciallyfordryland.

SlightdifferenceswerefoundbetweentheEFssummarizedin
this study and the IPCC suggested EFs, but the addition of
environmental factors, such asprecipitation, can largely improve
theprecisionofbackgroundN2Oemissionestimation,andso the
total N2O emission prediction. Therefore, it is strongly recomͲ
mended that localenvironmentalvariables (precipitation, tempeͲ
rature,etc.)are taken intoaccountwhencompilingnationalN2O
emissioninventories.

The lack of long–term and background N2O emission
monitoringmight lead touncertainties toestimate theEF values
for arable lands in China. The large variability of climate, soil
texture, crop types, and other environmental conditions across
China might also exert important influences on the existing
models. This study still provides amethod to improve the N2O
emissionpredictions.However, long–termmonitoring for specific
EFsandnew regionalmodels tobuild thenationalN2Oemission
inventoryinChinaisalsoessential.

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